A bstract. The electrical nature of active NaCl transport and the significance of a basolateral membrane chloride conductance were examined in isolated perfused rabbit proximal convoluted tubules (PCT). PCT were perfused with a high chloride solution that simulated late proximal tubular fluid and were bathed in an albumin solution that simulated rabbit serum in the control and recovery periods. The electrical nature of NaCl transport was examined by bathing the tubules in a high chloride albumin solution where there were no anion gradients.
A bstract. The electrical nature of active NaCl transport and the significance of a basolateral membrane chloride conductance were examined in isolated perfused rabbit proximal convoluted tubules (PCT). PCT were perfused with a high chloride solution that simulated late proximal tubular fluid and were bathed in an albumin solution that simulated rabbit serum in the control and recovery periods. The electrical nature of NaCl transport was examined by bathing the tubules in a high chloride albumin solution where there were no anion gradients.
Volume reabsorption (J,) during the control and recovery period was 0.56 and 0.51 nl/mm. min, respectively, and 0.45 nl/mm -min when the tubules were bathed in a high chloride bath. The transepithelial potential difference (PD) during the control and recovery periods averaged 2.3 mV, but decreased to 0.0 mV in the absence ofanion gradients, which indicated that NaCl transport is electroneutral. Further evidence that NaCl transport is electroneutral was obtained by examining the effect of addition of 0.01 mM ouabain in PCT perfused and bathed with high chloride solutions. The J, was 0.54 nl/mm * min in the control period and not statistically different from zero after inhibition of active transport. The PD was not different from zero in both periods.
Two groups of studies examined the role of basolateral membrane CF-conductance in NaCl transport. First, depolarizing the basolateral membrane with 2 mM bath Ba++ did not significantly affect J, or PD. Second, the effect of the presumptive CF-conductance inhibitor anthracene-9-CO2H was examined. Anthracene-9-CO2H did not significantly affect Jv or PD. In conclusion, these data
Introduction
The mechanism of active NaCl transport in the proximal convoluted tubule (PCT)' is poorly understood. From a high chloride solution simulating late proximal tubular fluid, an essentially pure NaCl solution is reabsorbed. In this setting one-third of NaCl reabsorption is passive and paracellular and two-thirds are active (1) (2) (3) (4) . Active NaCl transport could be due to electrogenic active Na+ transport with passive CF-movement through the paracellular pathway driven by the lumen negative transepithelial potential difference, or it could be due to electroneutral transport where both Na+ and Cl-movement are transcellular. Transcellular NaCI transport would require a mechanism for intracellular Cl-to exit across the basolateral membrane. In several leaky epithelia (5-9) including the PCT (10, 11) , intracellular C1-is at or above electrochemical equilibrium. Intracellular C1-above electrochemical equilibrium in combination with a basolateral membrane chloride conductance could explain basolateral CF-exit. The purposes of the present in vitro microperfusion study were to investigate whether active NaCl transport is electrogenic or electroneutral, and to determine the possible contribution of basolateral membrane CF-conductance in the rabbit PCT. PCT were perfused with a high chloride solution, which simulated late proximal tubular fluid from which NaCl is essentially the only solute reabsorbed. Two groups of experiments were performed. The first group ofexperiments was designed to determine whether active NaCl transport was electroneutral or electrogenic.
NaCl transport and PD were examined after elimination of anion gradients and after inhibition of active transport. In the second group of experiments two protocols examined the significance of a basolateral membrane CF-conductance. In one 1. Abbreviations used in this paper: COMP-ALB, albumin solution that simulated serum; J, net volume absorption; PD, transepithelial potential difference; PCT, proximal convoluted tubule.
protocol the effect of depolarizing the basolateral membrane with Ba"+ on NaCi transport was examined (12) (13) (14) (15) . Depolarizing the basolateral membrane would decrease the electrical driving force for conductive Cl-exit and inhibit NaCl transport if Cl-exit were conductive. In a second protocol, the effect on NaCl transport of adding anthracene-9-CO2H, a presumptive Cl-conductance inhibitor (16) (17) (18) , to the bath solution was measured.
Our results show that active NaCl transport in the PCT is electroneutral, where both Na' and Cl-transport are transcellular. Furthermore, neither depolarizing the basolateral membrane with Ba++ nor the addition of anthracene-9-CO2H had any effect on NaCl transport. These studies provide evidence against a significant basolateral membrane chloride conductance and suggest an electroneutral mechanism for basolateral Cl1 exit in the PCT.
Methods
Isolated segments of rabbit PCT were dissected and perfused as previously described (1, 19, 20) . Briefly, kidneys from female New Zealand white rabbits were cut in coronal slices. Individual PCT were dissected in cooled (40C) ultrafiltrate-like solution containing 104 mM NaCl, 25 mM NaHCO3, 4 mM Na2HPO4, 7.5 mM Na acetate, 1 mM CaCI2, 1 mM MgCl2, 5 mM KC1, 5 mM glucose, 5 mM alanine, and 5 mM urea. PCT were identified asjuxtamedullary ifobtained from immediately above the corticomedullary junction, and superficial if obtained from the remaining cortex.
During the control and recovery periods, tubules were perfused with a high chloride solution simulating late proximal tubular fluid and bathed in an albumin solution that simulated serum (COMP-ALB). The high chloride solution contained 136.5 mM NaCl, 5 mM NaHCO3, 4 mM Na2HPO4, 1 mM CaC12, 1 mM MgCl2, 5 Electrical nature ofNaCl transport. Three protocols were performed to determine whether NaCl transport was electroneutral or electrogenic.
In the first protocol the PD was measured in six juxtamedullary and six superficial PCT in the presence of active transport and when active transport was inhibited with 0.01 mM bath ouabain. In the second protocol the electrical nature of NaCl transport was examined more directly by examining the effect of eliminating anion gradients on J, and PD. In the experimental period tubules were bathed in a high chloride albumin solution to eliminate anion gradients. After the recovery period 0.01 mM ouabain was added to the serumlike bathing solution to determine the passive component of NaCl transport. In the final protocol examining the electrical nature of NaCl transport tubules were again bathed in a high chloride albumin solution to eliminate anion gradients after the control period. Subsequently, 0.01 mM ouabain was added to the high chloride albumin solution to inhibit active transport.
Signifcance ofa basolateral membrane Cl conductance. Two protocols were performed to determine the possible role ofbasolateral membrane Cl-conductance in NaCl transport. Tubules were perfused with a high chloride solution that simulated late proximal tubular fluid and were bathed in a serumlike solution during the control and recovery periods. In the first protocol, we examined the effect of depolarizing the basolateral membrane on J, and PD. During the experimental period, 2 mM BaC12, a potassium conductance inhibitor (12) (13) (14) , was added to the bathing media. In the second protocol, we examined the effect of anthracene-9-CO2H, a presumptive Cl-conductance inhibitor (16) (17) (18) , on J, and PD. During the experimental period, 0.1 mM anthracene-9-CO2H (obtained from a 0.1 M stock solution dissolved in dimethyl sulfoxide) was added to the albumin bathing solution. During these experiments an equivalent concentration ofdimethyl sulfoxide was added to the perfusate and albumin solution in the control and recovery periods.
There were three measurements of each parameter in a given period for each tubule. The mean values for individual periods in a given tubule were used to calculate the mean value for that period. Data are expressed as a mean±SEM. The t test for paired or unpaired data was used to determine statistical significance.
Results
Electrical nature ofNaC! transport. The effect of inhibition of active transport with 0.01 mM ouabain on transepithelial PD was measured in six superficial and six juxtamedullary PCT to determine if active NaCl transport in these segments was elec- Fig. 4 . The J, during the control and recovery > +2.0 _ periods was 0.63±0.08 and 0.72±0.12 nl/mm * min, respectively, and 0.69±0.08 nl/mm -min when 2 mM Ba++ was added to the bath. There was no difference between these periods. Thus, decreasing the electrical driving force for Cl-exit did not decrease +1.0 _ NaCl transport.
In the second protocol the effect of 0.1 mM anthracene-9-CO2H, a presumptive chloride conductance inhibitor (16) (17) (18) , was studied in six PCT. All The electrical nature of NaCl transport was examined more directly by eliminating the anion gradients that are responsible for passive transport (Fig. 2) . Tubules were perfused with a high chloride solution that simulated late proximal tubular fluid and were bathed in a high chloride albumin solution. Elimination of passive transport caused only a 20% reduction in NaCl transport. The PD in the absence of anion gradients was zero, which indicated that active NaCl transport is electroneutral and transcellular. In the third series which examined the electrical nature of NaCl transport, 0.01 mM ouabain was added to the high chloride bathing solution to inhibit active transport (Fig. 3) . Inhibition of active transport caused NaCl transport to decrease to a value not significantly different from zero, but did not significantly affect the PD. This provides further evidence that active NaCl transport is electroneutral and transcellular.
The conclusion that active NaCl transport in the PCT is neutral and transcellular requires a mechanism for apical NaCl entry. Three mechanisms have been proposed (22, 23) . Na+ and Cl-could enter the cell via parallel conductive pathways that are tightly coupled electrically to maintain equal rates of Na+ and Cl-entry. A second proposed mechanism is a neutral NaCl symporter; however, studies using apical brush-border membrane vesicles have not found evidence for a NaCl cotransport system (24, 25) . The final proposed mechanism is parallel ion exchangers (4, 24) ; here the Na+/H+ antiporter in combination with a Cl-/OH-(or HCO ) exchanger would provide net NaCl entry into the cell. Our data do not address which mechanism is present in the PCT.
Nature ofbasolateral chloride transport. The conclusion that the active component of NaCl transport is electroneutral and that Na' and Cl-transport are transcellular requires a mechanism for intracellular Cl-to exit across the basolateral membrane. Several mechanisms including a Cl-conductance (9), a CF-/OH-(or HCO ) antiporter (9, 26) , and a neutral KCl symporter (26) (27) (28) in the basolateral membrane have been proposed. In several leaky epithelia (5) (6) (7) (8) (9) , including the PCT (10, 1 1), the intracellular Cl-concentration has been found to be at or above electrochemical equilibrium. An intracellular Cl-concentration above electrochemical equilibrium in combination with a basolateral membrane Cl-conductance might easily account for Cl-transport across the basolateral membrane. We investigated the role of basolateral membrane Cl-conductance in NaCl transport by depolarizing the basolateral membrane with 2 mM bath Ba++. Ba", a potassium conductance inhibitor (12) (13) (14) , depolarizes the basolateral membrane of rabbit proximal tubules from --55 mV to -25 mV, and will decrease the electrochemical gradient for anions which exit the cell through a conductive pathway. Serosal Ba++ decreases conductive CF-secretion in in vitro frog and piglet gastric mucosa (29) and canine tracheal epithelium (30) . In addition, bath Ba++ has also been shown to decrease NaHCO3 absorption by~-50% in rabbit PCT perfused in vitro, which suggests that the HCO-exit across the basolateral membrane is via a conductive pathway (15) . In the present study, depolarization of the basolateral membrane with 2 mM Ba++ did not decrease NaCl transport (Fig. 4) . It is possible that Ba++ has effects other than to depolarize the basolateral membrane and decrease the driving force for anions that exit conductively. However, our results confirm electrophysiologic studies (12) and provide evidence against a significant Cl-conductance in the PCT. 3 The presence of a basolateral membrane Cl-conductance was also examined by using 0.1 mM anthracene-9-CO2H. Anthracene-9-CO2H decreases the Cl-conductance in skeletal muscle in a dose-dependent fashion ( 18) . At inhibited. This concentration has also been shown to decrease the basolateral ClF conductance in the rabbit thick ascending limb (16) and amphibian diluting segment (17) . However, in the present study, the addition of 0.1 mM anthracene-9-CO2H to the bathing solution did not inhibit NaCl transport (Fig. 5) . These data provide further evidence against a significant Clconductance in the basolateral membrane. The conclusions that Cl-absorption from a high chloride solution is transcellular and that Cl-exit across the basolateral membrane is not conductive suggest that Cl-exit is electroneutral. Two mechanisms of electroneutral Cl-exit have been proposed: Cl-/OH-(or Cl-/HCO-) exchange (9, 26) and KCl symporter (26) (27) (28) . These electroneutral mechanisms, however, can not satisfactorily explain Cl-exit across the basolateral membrane. The problem with Cl-/OH-(or CF-/HCO-) antiporter is qualitative. This mechanism would transport CF-into, rather than out of, the cell. The driving force for electroneutral ion transporters is the chemical concentration gradient across the membrane. In the proximal tubule, the intracellular Clconcentration is -10 mM (10, 11) and the extracellular Clconcentration is -100 mM. For a Cl-/OH-antiporter to transport Cl-across the basolateral membrane out of the cell, the intracellular pH would have to be <6.4, an unlikely value (31) . The problem with the KCI symporter is quantitative. Ifthe Na+-K+ ATPase pump system exchanges three Na+ for two K+ as has been proposed (32), the KCI symporter can account for only two-thirds ofthe Cl-exit across the basolateral membrane. One-third must exit by some other mechanism. Alternatively, if the Na+-K+ ATPase pump system could operate in an electroneutral mode, then all Cl-could exit the cell via the KCI symporter.
In summary, we have shown that active NaCI transport in the PCT from a high chloride perfusate is electroneutral and transcellular. Neither depolarizing the basolateral membrane with 2 mM bath Ba++ nor the addition of anthracene-9-CO2H to the bathing solution inhibited NaCI transport. From these data we conclude that there is not a significant role of basolateral membrane Cl-conductance in NaCl absorption in the rabbit PCT.
